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FINAL REPORT: SUMMARY

The Federal Emergency Management Agency (FEMA) under the mandate
of the U.S. Congress created a pliot program tc Investigate the
practical and cost Iimplications of a8 national slanting shelter
constructlon program. The avallablility of such shelters would
make a critical workforce concept more viable. The Intention was
to incorporat- shelter areas Into bullidings In such a manner that
the affected spaces would continue to fully serve their Intended
functloral purposes, An additlional objectlive was to evaluate
existing slanting design guldance materlais, assessing thelr
usefuiness to the broad spectrum of practicing architects and

englneers,

A case study method was deemed most useful for the project. The
AlA Foundation (AIAF) surveyed local architectural f!rms and
tound Marlanl end Assocliates to have two appropriate projects
with buiiding owners who were wllling to entertaln the possi=-
bility of shelter construction. Marienl|! was hired and the
project begun, An office bullding and a hosplital, both In the
Washingtcn, D,C. ares were 3slected. Each bullding had & non
drive-In basement with three floors of structure sbove. The
process of deslign, construction documents, cost estimates, and
construction were observed. Mcdels cf the hospltal shelter were

tested for structural Integrity.
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The offlce bullding waz located In downtown Nashingfon at 727
15¢h Street, N.W., Just two blocks from the White House and the
Treasury Bullding. The project Involved the demolition of =2
single story movie theater and the restoration and Incorporation

of Its historic facade Into a new sleven~story office structure,

The orliginal hosplital project was located at 13th and V Streets,
N.W, on a 2.4 acre full block site. Parts of an existing complex

were to have been renovated and parts demolished to0 allow for new

construction. The two projects represented a wide cross-sectlion

of the types of probiems and Impediments which might be en-

countered In a natlional scale construction program,

The deslign of the shelter In the office bullding was stralght-
forward because the program and pisn were simple. Major problers
were of three types; structural, financial and approval related.
The structural dlfficulty Invoived the fact that the added
dimension requlired for the floor and celling of the shelter
necessi/tated taking the shoring and footings below those of the

two a8djacent bulilidings. The eadditional costs assoclated wlith

th!s were not directly related to the construction of the shelter
and eventually led to the declislon not to construct. The
financlial problems were related to the sluggish economic cilimate
which existed. The speculative dovelohers proceeded quite slowly
hoping to acquire more favorable ioan monies. The approval

probliems related to the fact that the project had to be submitted
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to both +he Fire Arts and Landmarks Commlisslons several times,

with each submittal extendling the deslgn process.

Four alternative desligns were considered for the hospital located
at 13th and V Streets. A deslign was selected and detalled, con-
struction documents were prepared and submlitted to federal
financing agencies only to lead to a complete change of site and
total redesign of the project. On the new site the design
proceeded simply, the shelter was located in an audi*orium below
the maln entrance tc the hospital. Detalled design, structural
calculations, construction blids, and contractor selection were
all completed. Problems and delays were caused by a change of
ownership of the hospltal, a labor strike, and a legal dispute
related to an adjacent parking structure. Construction difficul-~
tles were minimal. The blast shelter added » new layer of
complexlty which necessitated acditlional planning and schedullng

but no extraordinary constraints.

Constructlion cost estimates for the two projects ranged between
$37 and $110 per square foot., No definltive explanation for this

wide range can be oftered,

The design guldance materlals used In this project were found to
provide accurate Information but to be Inadequate for use in the
type of national constructl!on program envisioned with the

critical workforce concept. "Protective Construction®™, TR-20,
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(Vol.4) and the other documents were jJjudged to be more textbooks
than design manuals; requiring reference to other documents to
clarlify definitions, termlinology, and symbols. The ldeal design
manual should present straightforward examples, problems and many
charts and tables to assist the busy, and probably Inexperienced

dosigner,

Two models (at one~ftifth scale) of the hosplital shelter were
constructed and tested. One model was exposed to 15 psl over-
pressure, as designed. This model suffered no damage. The
second model was exposed to 30 psl| overpressure and suffered only

minor damage In the form of hairllne cracking.
Conclusions are threefold:

o A national shelter construction program Is thought +to
be teasible, but preclse projecr schedullng woulc

be extremely difflcuit,

° Existing design guldance Is thougth to be Inadequaie.
No national construction program should be contemplated
prior to the preparation of simplified, straightforward

design manuals,

o No firm assessments of the costs of 8 natlonal cone

structlon program can be made.
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ABSTRACT

The AlA Foundation contracted with Marlani and Assoclates to
design basement blast shelter areas In two bulidings In Washing-
ton, D.C. Alternate constructlon blds were recelved for both
desligns, FFMA declded to finance shelter construction at the
National Rehabliltatlion Hospital (NRH) located at 106 Irving
Street, N.W. and not to flinance shelter zonstructlon at 727 15th
Street, N.W. Incremental shelter construction cost estimates
ranged betweon $37 and $110 par square foot above normal costs.

Evaluations were performed for two questions: (1) the adequacy of
deslign guldance provided to practicling architects and englineers
by "Protective Construction®", TR-20 (Vol. 4), and other exlist!ng
references =~- Found to be Inadequate; and (2) the practical
dlfflcultles of Incorporating shelter constiruction Into otherwlse
typlcal building projects -- Found to be manageable, but diffl-
cult to schedule preclsely.

The shelters were designed to sustaln 15 psl (pounds per square
Inch) overpressure. Flfth scale models of the NRH shelter were
tested at White Sands, N.M, in July, 1985, at overpressures of
15 pst and 50 psi, The model tested at 50 psi sustalined only
very minor damage; in the form of halriine cracks. The model
tested at 15 ps! sustalned no apparent damage.




OBJECTIVES

The United States Congress mandated In the 1981 Defense Appro-
priations Act that the Federal Emergency Managament Agency (FEMA)
create a plilot program to investigate the practical and cost
implications of a national shelter construction program. The
pliot program was to consist of designing and constructing a
minimum of two bulldings with an enhanced ablillity to withstand
nuclear explosions whiie sustaining minimized damage. The
prog.-am was an approach to maximizing nuclear effects protection

In risk areas In the United States and was to provide shelters

which sre strong enough to survive high 6vef§r§$$ure (above 15
psi). The avallablilty of such shelters would make a critical
work fcrce concept more viable. The major objective of the effort
was to measurs the additional costs and to assess the practical
difflcultlies assoclated with the design and constructlon of
bulldings that Incorporate current sianting design and blast
resistance guidance. The lnf@nflon was to incorporatm shelter
areas into bulldings In such a manner that the affected spaces
would continue to be fully functional still serving thelir

original purposes.

An additlional objective was to evaluate the efflcacy and useful-
ness of existing slanting shelter design guldance for such a
nafanal shelter construction program as would be required to

sustain the critical workforce concept.




METHOODS
A case study method was deemed most useful.

1. The shelters were to be desligned and constructsd In
bulldings which did not have drive=-In basements.

2. The AlA Foundation (AIAF) searched for and [(dertifled two
commerclial bulidings (s hospital and an office) In the
Washington, D.C, area for which basements were planned.

3. The AIAF contracted with Marian] and Assoclates who were
the archltects of both odulldings.

4., Marian| obtained the approval of the bulidlng owners for
the Incluslion of the aiternative shelter designs In the two
projects.

5. Several alternative shelter |ocations were selected and
presented to FEMA,

6. Final shelter locarlons were selected and designs
created.

7. Englinser!ing caiculations and construction documents for
the shelter areas were prepared.

8. Construction blids were requested for the shelters as
alternates to the base dids for vhe bullding construction,

S, Yes/No construction declslions were made for both
shelters,

10, Construction of the hospital shelter was begun and
completed,

11, Waterways Experiment Statlon vnder a separate contract
to FEMA constructed two flfth-scale modeis of the hospital
shelter., One modei was blast~tested at 15 ps! overpressure;
the other at 50 »sl.




DISCUSSION OF RESEARCH:

Selectlion of Archlitects:
At the outset of the project, October 1981, the AIA Foundation

performed a8 survey of archlitectural flrms In the Washington,

VD.C. metropolitan area to find what types of projects they had

underway. AIAF wac looking for commerclial bulldings planned to
have a minimum of three storles above grade., The bulldings were
to have basements which were not of the drlive=~In type. The
building projects were required to be at a prel.iminary design
stage so that Incorporation of alternate slanting shelter deslign
would not disrupt the schedule or Increase costs to the bullding

owner or develogper,

The firm of Marian! and Assocliates, Inc., located at 1600 20th
Street, N.W. was found to have two such projects at that time.
The firm also had considerable shelter deslign expertise from
previous work and was Judged to be an appropriate subcontractor
to work on the project. Marlanl requested and recelved tentative
approval from [ts cllents to use the two bulidings as the case
studies In this project. An AIAF subcontract was subsequ:ntly

written with Marianl.
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Selection of Bulliding Sites:

The two selected bu'lding projects were & speculative office
bullding and an addition to & hospital, The offlice bullding was
located In downtown Washington at 727 15th Street, N.W,, Jus* two
blocks from the White House and the Treasury bullding., The
project Invoivad the demolition of a single story movie theater
and the restoration and Incorporation of Its historic facade Into
a new eleven~story office bullding with basement level below (see
Figure 1), The bullding was planned to have a relnforced
cencrete structure and contain a total of 50,500 square feet of
offlce and ground floor commercial space. The basement area was
to . be 4,500 square feet and becauce no parking was planned, more
than one underground leve! could have been designed as shelter

arsa should tha’ have proven deslirable.

The hospital project, the National Rehabllltation Hospltal, was
located at 13th and V¥V Streets, N.W, on a 2.4 acre full block
slte, Of the exlsting bullding complex, the structures on the
northern portlon cf the site were t0 be renovated, while those on
the southern portion were to be razed to make room for new
construction., The renovated segment Included basement-level
recelving, supply, and laboratory areas and a 5,000 square foot
medlcal records storage asrea which could have accomodated a
sheltar If that nad been desired. The renovated ¢loors above
were to contain administrative, diagnostic and treatment faclli=-
tles., Both the new and renovated parts of the bulliding were to

be column~supported concrete siab construction with exterlior
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FIGURE 1 -- Architect's Sketch of Office Facade -- 727 15th Street
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masonry cavity walls. The total area proposed was 380,000 square
feet of which 267,000 was to be new and 113,000 renovated.

Roth of the above buildings had basement arezs which would
accomodate blast-resistant deslgn as well as thelr Intended
conventional functlons, In addltlon, the two projects repre=-
sented a wide cross-sectlon of the types of problems and impedi-
ments which might be encountered in a natlional scale shelter
constructlion program trying +c Incorporate shelter design Into

otherwise typical bullding projects,
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Design Process: Bank/O¢fice Bullding (727 15th Street)

Design Alternatives. The desigr of the blasf sheiter was begun
in October of 1982. Prelliminary design of this biast shelter weas
quite straightforward, The overa!l basement plan was simpie and
there were only a few opfioné +o conslder. The major conslder~
ation was the exact location of the blast resistant wall relative
to the elevator and stair tower (see Figure 2), The owner's
program for the basement changed several times. For example, one
corner went from storage area to a health club/gym. Thils caused
adjustments to the area of the blast shelter., Fortunately, the
gym was given up and the space became storage agair.

A problem which was a concern fcr both aesthetic and structural
reasons had to do wlth the celling height ‘dimension 1In the
conference/board room., The floor to ceillng helights for the
building were tight to beglin with and acding several Inches for
shelter constructlion made the problem worse. The conference
space was a8 large area which needed a higher ceiling helght In
order to avold a crarped feeling. Dropplng the floor level was
not cesirable because that put the foundations below those of the
adjacent bulldings. This lowered floor level would cause
shoring, structural, and construction problems which would lead
to additlonal costs beyond those directly ralated to the shel=

ter.

Detalled Design/Construction Documents, By February of 1982

three months delay had been experienced in the design of this
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project, These delays were caused because the archltects had to
go through the approval processes of the Fine Arts Commisslon and

the Landmarks Commission.

Serlous delays were experlienced during the perliod ending in June
of 1982. The archltects were kept on hold while waiting for
decislons from the owner, The project was speculative and the
high interest rates and uncertalnty In the financlal markets
provicded a strong Incentive for the owner to be dellberate
In such decisions as the type of heating, ventilation and

air-conditioning system to be Installed.

Construction documents were begun In August of 1982, but again
the owners were not rushing to complete the project. The
construction documents were 90 percent complete at the end

of February, 1983. The drawings were finlished by the end of May.

Bid Documents, Construction bids were requested for the project
in September of 1983. A construction management company directed
the bid process, recelving piece blds from subcontractors for
varlous segments of construction such as steel, concrete and
glazings, When recleved, the bids for general construction were
50 percent over the developer's budget. Thls serious problem
again stopped the entire procesé.' Alternate bids for the blast
shelter and other alternates were not completed at this point.
The major problems were the cost of both the steel structure and

the marble facade. The redesign of the facade involved resub-




mission to the Fine Arts Commission and additional time delays.

The owners of the development project decided at this juncture
for financial reasons that work had to prnceed raplidly, In
November of 1983 during the redesign process it was determined
that construction of the blast shelter would definitely require
taking the overall building foundation below those of the
adjacent buildings. It was also determined that without shelter
construction this would not be necessary., Based on this infor=-
mation an alternate construction bld was produced for the shelter

area. The construction estimate of $175,000 calculated to be

$110 per square foot for the 1,590 square feet des!gna?ed”far the

shel ter.

At that polint FEMA decided not to construct the blast shelter in
the offlice building. The declslon was based on the fact that 43
percent of the estimated construction costs were not directly
associated with the blast shelter itself., Of the total costs
$75,000, or $47 per square foot, was required for addlitional
underplinaing necessitated by the existence of the blast shelter
but not it+s design., The added depth of both the celling and the
fioor of the shelter required that the buliding foundation be two
feet lower than |+ would otherwise have-been.—This added expense
was created because the Increased dimenslion put the new found-

ation below those of the two adjacent structures,




Conclusions, This project (see Flgure 3) demonstrated a wide
varlety of problems which can be encountered In the construction
industry. One of the most amusing was that a preservation group
called "Don't Tear It Down" opposed the demolltlion of the theater
based on the claim that the open alr above the bullding was an
°historic open space'. The mixture of factors !nvolved ciearly
demonstrates that the Inclusion of government sponsored shelter
areas In a variety of building construciion should be expected to
take considerably more time than the ldeal fast-track scenario
might indicate., This particular bullding witnessed speculative
development occurring during a period of economic recesslion and
escala?fng consfrdcfion costs, Time was devoted to obtaining
reviews and approval from a variety of boards and agencies. In
addition to the preservation group and the Fine Arts and Landmark
Cormissions alreacdy mentioned, the project had to be reviewed by
the White House security police because of Its proximity to 160C
Peannsylvania Avenue., The prire objective of this project, to
observe the Integration of shelter design Into the exigencles of
a specific ongoing architectural projecf.'was well met by this

building.
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The Presidential
Point Of View

727 15th Street, NW

o ™
HE ust steps from the
T White House, 727
Do 15th Street is the
epitome of Capital city
prestige. This historic
address has been fully
updated—a distin-
guished blend of the
past and present—with
full floor office suites
of 3600 sq. ft., dramatic
balcony views, state-of-
the-art security and
office interiors finished
to your exacting
specifications.
T A develooment of
—  First Washington
Development Group, Inc.

Leasing by
First Capital
Realty, Inc.
232-4220

FIGURE 3 ~-- Developer's Advertisement with Completed Facade -- 727 15th Street




17

T HFHIL

(ZT XYL T ] uzno

TiT1

L
o m— -_.!_..._. e .

mrmwmmw

FIGURE 4 -- Hospital Alternative #1 -- First Basement Plan




13

Deslgn Process: Natlonal Rehablilitation Hospital

Design Alternatives. The origtitnatl deslign concept involved
placing the blast shelter in the medical records area cf the
existing hospital facility (see Figures 4), Questlons arosz when
AIAF discovered that thls sectlon of the hospital was to be
partially exposed above grade. Dliscussion with FEMA |ed to the

determination that renovation type constructicn was not ZJesired.

A major design objective within the project was to incorporate
the blast shelter into an area of the buiiding where the space
weculd stil]l be fully functional on 1ts own right. It was
intended that the design not entail any significant structural or
construction alterations. Thre Incremental construction costs
were to be restricted as much as posslibie to those for additional

material and not for altered design.

The reason stated above led to the rejection of a second alter-
native location for the blast shelter, That design alternative
was the placement of the shelter beneath +he lowest parking level
in the new constructicn area (see Figures 5-8), This proposed
speace was not to be Included on the non-shelter construction
documents which meant that the Incremental costs would have
included the entire construction costs as well as additional

expenses for excavation and shoring,

Another locatlion was consldered and rejected (see Fligure 9).

The theater on the existing first floor (north side) had a large
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un-uytilized basement which was to be renovated. Thils alternative
did not work for several of the reasons enumerated previously.
It would have Involved renovation, and signlificant structural

modifications would have been required.

The last concept was placement of the blast shelter on the grade
of the lowest parking level (see Figure 10-13). One potential
problem with that |ocatlon was that It fell Immediately below
the ga%age ramps. This location was selected and detailed design

commenced In March of 1982.

"Detailed Design/Construction Documents., ~ In June of 1382 changes

to the facade deslgn of the hospital requlired recdesi¢n of the
structural column grid. This problem caused delays for tte entire

project as well as the shelter design.

Ty August 1982 substantial progress has been made on production
of the ccnstructlion documents, The hospltal project was eligitle
fcr federal loanr monles from the U,S. Department cf Housing and
Urban Development., Marlanl and Assoclates and their engineering
consultants were requlired to prepare and submlt not-to-exceed
cost estimates to the HUD program. HUD also required str.cturel
and other revislions, Flinal blast shelter dosign and anaiysis had
been scheduled for completion by late September In colnclidence
with the regquest for construction blds. After submittal of ¢two
sets of construction documents to the HUD funding agencies, the

decislon was made to completely change the buildling slte,




25

: Sy :
I &l ;
) &3
3 |
| §‘§
N‘s l
| ¢3to"s
AT —
B | i
| ot
T | g‘.*f
» | !
0 R
™ | N
™ Ik
R Y
|
1l Y

SECOND BASEMENT LEVSL PLAN ig'uter  1fI8/82

NeH SHELTER

FIGURE 10 -- Hospital Alternative »4 -- Shelter Plan




26

1 e

= A [ LI LI LT
. 00 w HI: BT IR NIRT|
o a0 @ a
==
B \ [rTg on " —
LA BTN

3 .
,

. = .
MOo00O00O0O00O0CO0O0O O OOM g
0 00 0 000000 0O0O00QO0o0agaa )
0 00 0 0 0 0 do00O0O0QOOa aQaaeaaoao Sream
= ouoononecgage 0 O A Ay © @ @ ol
o M1 BTN kil

FIGURE 11 -- Hospital Alternative #4 -- Sections & Elevation



27

by . i b B — % ' H‘M
;::zjwz‘exwrnzv :  wa— l X §n£'"'_3'_
_ L 3 _ [

.l | ] » ssaatne ﬂ#=’ '

==y I l I | I l I I —
[

‘ ¢ 0 ]l

=1 W i o

bt 1R 1 IR e

FIGURE 12 -- Hospital Alternative #4 -- First Basement Plan




23

N\
NN
:

TR (=i (0T
Pansing uz.. ={
Je— hn——
r—— i S
! T o
| -
WPET .o e s ccp—— L N g
A A --*-—— A A At

FIGLRE 13 -- Hospital Alternative #4 -- Second Basement Plan




29

The new location was on the Washington Hospltal Center slte
adjacent to Children's Hosplital at 106 Irving Street, N.W, This
declision necessitated a complete redesign of the hdsplfal and
took thls shelter design back to the initial stage of selecting

alternative locations.

By November of 1982 the shelter location was selected (see Figure
14), alternative designs were considered, and structural design
calculations (see Figures 16-20) were completed, These prelim-
Inary calculations, by Don Neubauer, PE, are Included es
Appendix A of this report, A preliminary constructicn bid from
Turner Construction Company was recelved at this time (see Figure

15).

During August of 1983 detailed design and construction documents

were completed.

Blid Documents, Constructlion bids were received from two
companies; Turner Constructlon (see Flgure 21) and George Hymar
Constructlion (see Figure 22)., Turner's bid for the blast shelter
alternate was $140,000 while Hyman's was $87,000. Dividing by
the 2,300 square feet of shelter area these bids translate to
$60.87 per square foot for Turner and $37.83 for Hyman. No
satisfactory explanation Is avallable for fhé fafge dlscrepancy
In construction bids., Unfortunately, FEMA dlid not iiave Influence

on the ulitimate selection of the constructlion comgany. FEMA's
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FIGURE 14 -- Hospital Alternative #5 (FINAL) -- First Floor Plan
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August 26, 1983

vr. Troras Sachs
variani & Associates
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Blast Resistarnt Shelter Alternate
naticral Re-az:litation Hosgizal
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option was a yes/no declislonr on constructlion of the shelter
alternate after the National Rehabliitation Hosplital had made its
declsicn. The cholce turned out to be Turner Construction, the

hlgher shelter bid.

Durirng January of 1984 several other problems occurred. All were
unrelated to the biast shelter, There was a change of ownership
of the hospital bdbut Turner Construction remained the bulilding
construction contractor, There was also a prolonged legal
squabble over an adjacent parking structure, Even after the
legal cisputes were resclived, the construction of the hospital
could not be started until a labor strike was settied and
construction of the parking garage was completed, The reascn for
this was that tne future hosplital site was needed for on-grade
parking for the Washington Hospital Center until the parking

garage was opened,

Construction, Construction of the hospital was finally begun
about mid-May of 1984, AIAF mcnitored the prograess cf construce
tion on a weskly basis. A serles of photographs (see Figures

23-31) taken on those visits follow.
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FIGURE 24 -- Hospital Construction -- Site Preparation
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A: Interior

B: Exterior

5 -- Hospital Construction -- South Wall of Shelter
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-- Hospital Construction -- Footing Preparation
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FIGURE 27 -- Hospital Construction

-- Adjacent Story




FIG!'2t 23 -- Hospital Construction -- Concrete Formwork
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A two-instaliment construct!on contract for $140,000 was written
with the Natlonal Rehabilltatlion Hospltal, Inc. The first
payment for 95 percent was payable at the completion of all
concrete work, and the remaining 5 percent at completion of all

work on the blast shelter,

Two construction related problems occurred but both were easily
resolved., The first problem Involved the fact that the shop
drawings for the relnforcing steel were completed after the major
s?eél order had been placed. Rather than rlﬁk a posslible
construction delay awalting the speclaiized relnforcing steel,
the decislion was made to redesign the shop drawings to use
commonly avallable steel. A second problem occurred when a
concreta tcoting was poured from non=-shelter constructlion
documents which left the footing one foot higher than 1t should
have been. The resolution was a redesign of the detall to accept
a beam above the new footing (see Figure 32). No other signifi=-
cant problems were encountered during the constructlion. There was
difflculty with ground water In an area proximal to the shelter

footings, but this was not attributable to the shelter design,

AIAF performed a walk thru Inspection of the shelter on September
25, 1984, wlth representatives of Marian! and Assoclates and
Turner Construction. Construction of the blast shelter was
virtually complete at that time. Major observations on the

construction process were the foliowing:
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o Construction difficulties exist with wall penetrations and

beam corners which do not fit flush with other bullding

elements,

o The schedullng of concrete pours requires careful planning

and speclal attention,

o Careful planning and additional time Is required for

buliding up reinforcing steel during shelter construction.

o Blast shelter construction did not gonstitute an extra-

ordinary problem. It was rather one more layer of coﬁplex-

Ity to be coordinated Into the overall process,
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Use of TR-20 ~ Volume 4 and Other Design Guldance:

One of the objectives of the project was to evaluate the useful~-
ness of exlisting slanting design guicance materials, A national
program of blast shelter construction which would be necessary to
sustain the critical werkforce concept would require design
guldance materlials which were understandable and Immediately
usable by architects and englneers without prior shalter design
experlence. Architects, most of whom would not have shelter
design expertise, would certalniy be Involved In the process of
Incorporating blast shelters Into otherwlise typlcal bulidlings In

a large-scale construction program.,

In recent years the practlice of architecture has Increasingly
become a problem of leading a team of experts, The architect's
task Is to communicate effectively with each speclallist and
ensure that each separate agenda Is Incorporated Into the overall
program for the bullding and addressed adequately as the design
proceeds. The Ideal design manual would provide the architect
with a conceptual overview of what slianting design Is ail about.
Such a document should contain visual presentation of architec~-
tural concepts. It Is difflcult to overstate the Importance of

visual, graphlc +thinking for archlitects,

The findings of the architects and englineers working on this
project are that Volume 4, TR 20, "Protective Construction", and
the other documents used are Inadequate and provide Inc.fficlient

guldanca, The personnel at Cutts Engineers had no prior shelter
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deslign experience and bocam§ qulfo'frﬁsfrifod. even angry, at
some of the dlifficulties they experienced. Don Neubauer, on the
other hand, did have prlor shelter experlence. On the poslitive
side, Mr. Neubauer commented that Vol!.4 TR 20 Is supericr te
other design guldance materials (mliltary documents) he has used,
especlally when deslgning something out of the ordinary.
Comments from both structural engineers follow at the end of this

sectlion (see Figures 33-34),

The exIsting reference documents (see Flgure 15) were Judged to
be more textbooks than design manuals and had other problems as
well. Deflinitions and terminology were Inconsistent, Several
references were needed to clarify symbology. The layout cf
Vol.4, TR 20 is qulite cumbersome, and requlires conslderable
searching and flipping back and forth. All of these problers

Increase time of use and consequentiy design costs.

The ldeal design manual would be a single, self-containec
reference source. It should present straightforward examples,
problems and many charts and tables to assist rhe busy, Inexper-

lenced desligner.
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Accesslion Number AD/A 039 439, September 1976.
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Mode!l Test:

Two modols (at one-fifth scale) of the blast shelter at the
Natlonal Rehablilitation Hosplital were constructed. These models
were bullt by Waterways Experiment Statlion under a separate
contract to the Federal Emergency Management Agency. These two
models were exposed to a simulated nuclear exploslion at White
Sands, New Mexico, In July of 1985, The following photographs
were taken In New Mexico at the blast test (see Fligures 36-45),
One mode! was placed at a location so that It was exposed to the
15 psl overpressure for which the actual shelter was designed.

The other model was placed at a location so that It was exposed

e — 49 50—-ps|-Overpressure, No_above-grade structure was Included on

either model! which further Increased the vulnerablility to
structural damage, because this was taken Into account In the

actual design calculations,

The mode!l exposed to 15 psi overpressure suffered no apparent
structural damage (see Figure 43), The model exposed to 50 psi
overpressure suffered only minor damage In the form of hairlline
cracks. The cracks may be seen on the photographs (see Figures
44-45), The cracks were traced wlith a marker to highlight
thelr location, but the resuit Is that the damage appears more
serious than actual. The apparent concliusion Is that the design
guldance provided by "Protective Construction™, TR 20, (Vol.4)
leads to partiai overdesign for shelter structures Intended tc

withstand 15 psi overpressure.
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Showing No Cracks

FIGURF 43 -- Post-Blast View of Hospital Shelter at 15 psi Level --
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psi Level -- Showing

Hairline Cracks on Roof

FIGURE 44 -- Post-Blast View of Hospital Shelter at 50
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CONCLUSIONS
Concluslons can be drawn In regard to two major issues which were
Investigated,
o Feasibllty of Incorporating blast resistant shelters
Into otherwise typlcal bullding projects.
o Adequacy of currently exlisting shelter design gulidance
materlials.
No concluslion as to the cost Impiications of a large-scale blast

shelter constructlon program can be drawn from this effort,

Blast shelter construction as an add-on proposition to structures
being bullt for totally different purposes Is a viable concept,
It Is a manageable task whlch can be accomplished rather simply
given adequate financing anc proper planning and forethought.
G'ven tne signiflicant number of variables over which FEMA has no
control, however, 1|t would be extremely d!fficult to predict
preclsely when the construction of any particular shelter might
be completed. Thore was a significant increase In antli-nuclear
sentiment during the course of this project which might also tend

to make the task more dlifficult,

Existing deslign gulidance |s conslidered Inadequate for use In a
large scaie shelter constructior program. The materials used for
this project assumed prior knowledge, provided more education
than asslistance, and were difflicult and taxing to use., The
Information and recommendations which the documents provided were

proven to be accurate, though apparentiy based on highly



conservative assumptions,

RECOMMENDATIONS

Any large-scale shelter construction program should be formulated
In recognition of the exligenclies of the constructlion Industry,
financlal markets, and the whims of pubilic opinlon relative to

nuclear lssues.

No such national program should be contempliated prior to the
preparation of simplified, stralightforvard design manuals for
archlitects and engineers as vo]l 8s generallzed educatlional
materials for bullding owners and others Involved In the con-

structlion process.
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